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INTRODUCTION 


A  solder  mask  is  a  polymeric  coating  that  is  applied  to  a  printed  circuit 

board  in  areas  where  solder  wetting  is  not  desired.  There  are  permanent  solder 

masks  and  removable  solder  masks  this  report  deals  with  permanent  solder  masks 

which  cannot  be  removed  from  the  circuit  board  by  ordinary  solvents  found  in  an 

electronics  production  area. 

This  study  on  the  subject  of  solder  mask  was  undertaken  as  a  Navy  Manu¬ 
facturing  Technology  program  to  understand  the  benefits  and  problems  associated 
with  solder  mask  on  a  printed  circuit  board.  Military  contractors  are  expressing 
interest  in  using  solder  masks  but.  due  to  the  many  unknowns  associated  with  the 
use  of  permanent  solder  masking,  approval  for  use  has  been  limited.  This  study 
was  designed  to  determine  the  effects  that  a  solder  mask  can  have  on  high  relia¬ 
bility  military  hardware. 

Addressed  in  this  effort  are  f he  eases  of  when  it  is  appropriate  to  use  a 

solder  mask,  the  type  of  surface  over  which  a  mask  can  be  applied  without  detri¬ 
mental  effects,  and  the  application  methods  that  will  ensure  the  highest  reliability 

of  the  hardware.  Seven  solder  masks  were  evaluated  in  order  to  understand  the 

difference  between  various  brands  and  types  of  masks  for  each  of  these  eases. 

A  solder  mask  is  used  to  prevent  bridging  id'  closely  spaced  circuit  traces 

during  the  wave  soldering  process.  Wave  soldering  of  circuits  with  spacing  of 

0.010  inch  or  less  can  be  accomplished  easily  with  the  use  of  solder  mask,  large 
ground  planes  can  also  be  soldered  easily  with  the  use  of  solder  mask  but  only  if 

the  mask  is  applied  over  a  bare  copper  surface.  Some  solder  masks  have  been 

designed  to  function  as  a  protective  insulating  layer  over  circuitry  to  prevent  elec¬ 
trical  shorting  of  devices  that  are  placed  across  the  traces.  Although  not  specifically 
designed  for  the  purpose  of  environmental  protection  of  the  printed  circuit  board, 

solder  mask  does  provide  some  protection  from  abrasion  during  storage,  handling, 

and  the  assembly  operation.  Since  solder  masks  are  resistant  to  the  common  solvents 
used  in  the  assembly  operations,  they  provide  protection  to  the  circuit  board  in  this 
way,  also. 

Solder  mask  on  a  printed  circuit  board  can  lead  to  many  process  problems  if 
the  user  is  not  aware  of  the  changes  that  a  mask  causes.  The  edge  of  the  mask 

around  the  pads  can  trap  flux  and  oil.  leading  to  flaking  and  chipping  of  the 

mask;  the  smooth  surface  of  some  masks  makes  it  difficult  for  conformal  coating 
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to  adhere;  uncured  components  in  the  mask  can  lead  to  processing  problems  later  in 
the  production  cycle;  misregistered  mask  can  get  on  pads  and  in  the  platcd-thru-holes 
causing  solderability  problems  and  deformation  of  fillets.  A  solder  mask  should  have 
no  detrimental  effects  on  the  hardware,  e.g..  flaking  that  produces  chips  of  mask 
that  can  fall  onto  other  circuit  boards  in  an  assembled  unit.  The  mask  should  not 
affect  the  solderability  of  the  circuit  board.  Some  masks  smear  or  bleed  onto  pail 
areas  as  a  thin  uncolored  layer  of  resin  that  is  not  visible,  but  deters  the  solder 
wetting. 
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I  IS  I  IN(» 


\  lest  pl.il)  was  designed  to  determine  ilk'  performance  of  various  brands  .nul 
I  \  pcs  ot  solder  masks  d\ cr  ha  iv  plated  coppci  a  ml  over  (>0'4l)  plated  lin  load. 
Seven  dillerent  solder  masks  were  m\ estimated,  including  both  the  dry  film  and  the 
sereenahle  type  masks.  Hoards  were  lahiieated  m-house  in  a  prototype  printed  wiring 
hoard  fabrication  shop  and  then  masked  either  commercially  or  by  military  contrae- 
tors  using  a  particular  mask,  l  ot  an  aeeurate  evaluation  of  the  masks,  it  was  best 
that  they  be  applied  according  to  the  methods  and  praetiees  of  those  who  use  the 
masks  I  he  masking  was  not  performed  at  the  Naval  Weapons  (  'liter  heeause  neither 
the  neeessary  equipment  nor  the  experience  with  the  screening  .’’ique  was  available. 


Masks  were  tested  tor  meehanieal.  eleetrieal.  and  <. 
ineltiiling:  adhesion,  abrasion,  surface  resistivity,  breakdown  v 
tlux  resistanee.  moisture  temperature  eyeling.  hydrolytie  stab 
and  solder  resistanee.  Masks  were  also  visually  eheeked  Id 
wrinkling,  blistering,  cracking.  and  lifting. 


.  mmenlal  properties, 
ge.  solvent  resistanee. 
•rklerability  effects, 
pea  ranee,  tltiekne  *>S , 


file  following  masks  were  tested:  DuPont  Vaerel  "MUIR.  DuPont  Vacrcl  ~40S. 
I  Itiokol-Dy  naehem  I.aminar  KM.  Ilysv'l  SR10U).  llysol  SR  1000.  lotteo  272-M.  and 
MaeDermiil  l)44o.  Both  the  DuPont  and  the  Dy  naehem  produets  are  ilry  film  solder 
masks  that  were  applied  by  the  vaeuurn  lamination  technique.  Hie  DuPont  masks 
were  processed  with  solvent,  while  the  Dyuaeheni  pn>iluci  was  processed  aqueously 
All  three  of  these  masks  were  cured  using  both  a  thermal  cure  and  an  ultraviolet 
cure,  lhe  other  four  masks  were  liquid  masks  that  were  manually  screened,  then 
thermally  cured. 


A  test  board  approximately  4\3  inches  was  designed  for  this  study.  A 
circuit .  a  I -inch-  ground  plane,  a  0.035-ineh  "Y"  pattern,  an  open  area  of  laminate, 
ami  a  O.OOb-inch  lines  and  spaces  comb  pattern  with  finger  tabs  along  one  edge 
for  connection  to  the  environmental  test  hookup  were  included  in  the  test  board. 
See  f  igure  I . 


Hoards  were  inspected,  then  masked  according  to  the  application  parameters 
that  are  used  in  each  particular  company  that  performed  the  masking.  All  hoards 
were  masked  in  panel  form,  as  four  boards  per  panel.  After  completion  of  the  cure, 
the  boards  were  inspected  at  20X  for  masking  quality,  including  accuracy  of  registra¬ 
tion.  bleeding,  loss  of  adhesion,  inclusions,  voids,  pinholes,  ami  areas  of  either  thin 
deposit  or  extra  heavy  deposit  of  mask  I’latcd-lhru-holes  were  also  inspected  for 
mask . 
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following  this  inspection,  the  panels  were  cut  into  the  separate  hoards.  Machina- 
bility  of  the  masks  was  noted  during  the  trimming  and  sanding  processes  Mechanical 
tests  were  performed  for  Taber  abrasion,  pencil  abrasion,  punch  test,  tape  test,  and 
cross-hatch  adhesion  on  both  the  ground  plane  and  the  laminate  areas.  Small  pieces 
of  board  were  used  for  the  solvent  and  tin v  resistance  tests.  The  electrical  tests 
surface  resistivity  and  breakdown  voltage  were  conducted  on  whole  boards.  An 
environmental  test  consisting  of  a  moisture  temperature  cycling  according  to 
MIL-STD-202  Method  1 0(d  was  conducted.  A  hydrolytic  stability  test  was  performed 
on  each  mask  according  to  1  PC  '-I'M  2.0.11.  Later  installation  of  an  I  leclrovert  hot 
air  leveling  system  allowed  evaluation  of  the  masks  for  this  process,  I  ach  test  is 
described  in  the  appendixes 
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RESULTS 


Results  of  the  tests  lor  each  mask  ;ire  discussed  below. 


DUPONT  VACREL  740FR  AND  VACREL  740S 

A  visual  inspection  of  Vacrel  7 401  R  and  Vacrel  740S  dry  film  solder  masks 
showed  mask  on  the  pads  and  in  the  plated-thru-holes.  Th is  was  explained  as  a  mis¬ 
alignment  of  the  front-to-back  registration  in  the  solder  mask  artwork.  Light  seatier¬ 
ing  during  the  ultraviolet  exposure  period  allowed  the  misaligned  areas  near  the  pad 
openings  to  be  partialis  exposed.  During  the  development  process,  the  solvent  was 
unable  to  remove  the  partial!)  exposed  mask,  leaving  rough  and  irregular  edges  on 
the  holes.  The  rough  edges  easily  chip  and  flake,  settling  onto  other  areas  of  the 
board,  including  the  plated-thru-holes.  See  Figures  2  and  3. 

The  Vacrel  740  series  masks  are  0.004  inch  thick  before  application.  The 
thickness  of  the  mask  over  the  laminate  and  the  traces  was  measured  optical!) 
after  microscctioning.  An  average  thickness  was  taken  from  readings  in  three  loca¬ 
tions.  See  Figure  4.  Both  Vacrel  "’40FR  and  Vacrel  740S  had  thicknesses  of 
0.002  inch  on  the  traces  of  the  comb  pattern  and  0.004  inch  on  the  laminate. 

The  Vacrel  740ER  and  the  Vacrel  '40S  had  similar  properties  in  most  of  the 
tests  performed.  A  511  pencil  hardness  scratched  the  surface  of  both  masks.  Fifty 
cycles  of  Taber  abrasion  showed  little  wear;  the  mask  over  the  conductor  surfaces 
remained  intact.  The  punch  test,  both  before  and  after  soldering,  showed  no  damage 
over  copper  circuitry.  The  tin  lead  areas  were  damaged  both  times. 

The  tape  test  for  adhesion  to  laminate,  tin  lead,  and  copper  circuit!)  caused 
no  damage.  The  cross-hatch  test  shower)  little  loss  (5  ,  )  on  the  laminate  and  copper, 
but  an  unacceptable  amount  of  loss  (50'i)  on  the  tin  lead.  A  cross-hatch  test  on 
copper  after  wave  soldering  again  showed  less  than  5'  loss. 

The  fluxes  had  no  effect  on  either  the  Vacrel  -40l  R  or  the  Vacrel  "40S. 

The  solvents,  except  for  methylene  chloride,  had  no  effect  on  either  mask 
after  2  hours.  The  methylene  chloride  rapidly  softened  the  Vacrel  and  within  a 
30-minute  period,  it  could  easily  be  removed  from  the  laminate  and  tin  lead. 

The  breakdown  voltage  for  Vacrel  740FR  was  5000  VAC  before  soldering 
and  2o00  VAC  after  soldering  and  moisture- temperature  cycling.  The  mask  was 
not  charred  but  there  was  a  halo  pattern  on  the  mask  where  the  electrode  had 
been  placed.  The  breakdown  voltage  for  Vacrel  740S  was  2450  VAC  before  solder¬ 
ing  and  2500  VAC  after  soldering  and  moisture  temperature  cycling. 
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FIGURE  6.  Vacrel  740FR.  Wrinkled  Mask  and  Trapped  Flux 
on  Ground  Plane. 


FIGURE  7.  Vacrel  740FR.  Flux  Seeped  From  Under  (Tipped 
Mask  on  Ground  Plane. 
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A  cleanliness  lest  performed  alter  wave  soldering  on  three  Vaerel  740  FR  hoards 
showed  an  average  of  less  that  one  microgram/si|uare  inch  of  ionic  contamination  a 
passing  value  for  the  cleanliness  test. 

The  resistance  measurements  taken  during  the  moisture/temperature  cycling 
tests  showed  that  Vaerel  740FR  provided  relatively  good  protection  for  the  couth 
pattern.  See  figures  8  and  l).  Variations  in  hoard  fabrication  and  processing  could 
explain  the  samples  that  show  resistance  values  lower  than  the  standard  unmasked 
hoard.  The  breaks  in  the  pattern  on  the  wave  soldered  side  of  the  copper  hoards 
(bottom)  are  suspected  to  he  operator  error  in  reading  the  exponent  of  the  resis¬ 
tance  value. 

The  Vaerel  740FR  hoards  were  examined  at  20X  after  the  moisture/temperature 
cycling  test.  The  mask  in  the  corners  of  the  ground  plane  had  cracked  on  both 
the  tin/lead  and  the  copper  hoards.  There  was  also  some  cracking  on  the  edge  of 
the  comb  patterns.  Pockets  of  flux  were  still  visible  under  the  mask  on  the  tin/lead 
ground  plane. 

Hot  air  leveling  of  the  Vaerel  7401  R  copper  hoards  caused  no  damage  to  the 

mask. 


Due  to  a  limited  supply  of  hoards  masked  with  Vaerel  740S.  evaluations 
were  conducted  on  wave  soldering  and  hot  air  leveling  only.  Wrinkling  of  the  mask 
over  the  tin/lead  occurred  on  the  Vacre.l  740S  as  it  had  on  the  Vaerel  740FR 
hoards.  Flux  was  trapped  on  the  edges  of  the  wrinkled  areas.  See  figure  10.  The 
plated-thru-holes  that  had  partially  exposed  mask  on  the  edges  did  not  accept  solder. 
See  Figure  1 1 . 

The  hot  air  leveling  process  damaged  the  Vaerel  740S.  causing  bubbled  areas 
on  traces  that  chipped  off  when  lightly  touched.  See  Figures  12  and  13. 
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VACREL  740FR  (Cu  -  TOP) 


VACREL  740FR  (Sn/Pb  -  BOTTOM) 


LEGEND: 

-  STANDARD 

- SAMPLE  A 

- SAMPLE  B 

- SAMPLE  C 

- SAMPLE  D 

FIGURE  9.  Vacrel  740FR,  Resistance  Values,  (a)  Copper  (top), 
(b)  tin/lead  (bottom). 
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FIGURH  10.  Vacrel  740S.  Wrinkled  Mask  and  Trapped  Flux 
on  Ground  Plane. 


;***•:,  -w«.*  ■'>»#*< . 


L<  <# ») 


'•Sid**' 


FIGUK1  II.  Vacrel  740S.  Solder  Mask  in  Plated- Thru-Holes 
Blocked  Solder. 
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THIOKOL  DYNACHEM  LAMINAR  RM 

I  hiokol-Dynachem  Laminar  RM  is  a  dry  film  solder  mask  that  is  developed  in 
.in  aqueous  process.  The  inspection  at  20X  before  any  tests  were  conducted  showed 
a  few  inclusions  and  some  dark  spots  on  tile  metal  surface.  The  edges  around  the 
pads  were  very  smooth  and  clear  though  there  was  some  slight  misregistration  on 

the  pads.  A  mask  thickness  of  0.004 6  inch  on  the  ground  plane.  0.0021  inch  on 

the  comb  traces,  and  0.0053  inch  on  the  laminate  was  measured  though  the  film 

thickness  before  application  was  0.004  inch.  1'he  thickness  difference  before  applica¬ 
tion  and  after  application  could  be  due  to  material  swelling  caused  by  the  potting 
compound  used  to  make  the  microsection. 

Abrasion  resistance  was  good;  the  surface  could  be  scratched  with  only  a 
511  pencil  hardness  and  50  cycles  of  Taber  abrasion  showed  some  wear  but  not 

through  to  the  traces.  The  punch  test  caused  loss  of  adhesion  of  the  mask  on  the 
ground  plane  of  both  the  tin/lead  and  the  copper  boards  and  also  on  the  laminate. 

Adhesion  on  the  copper  surfaces  was  good  with  less  than  5'i  loss  from  the 
cross-hatch  test  both  before  and  after  soldering.  The  cross-hatch  test  caused  a  loss 
of  15''  on  the  tin/lead  masked  ground  plane. 

Two  of  the  isopropyl  alcohol-based  fluxes  loosened  the  l  aminar  RM  from  the 
laminate  and  the  metal  surfaces. 

The  solvent  resistance  test  showed  poor  results.  The  mask  softened  or  totally 
separated  from  the  hoard  surface  in  each  of  the  solvents  tested. 

The  electrical  tests  of  Laminar  RM  gave  a  breakdown  voltage  of  2400  VAC 
before  soldering  and  2500  VAC  after  soldering  and  moisture/temperature  cycling. 
Surface  resistivity  was  1  \  10^  ohms/square  both  before  and  after  soldering  and 
moisture  temperature  cycling. 

The  hydrolytic  stability  test  caused  no  damage  to  the  Laminar  RM. 

The  hot  solder  dip  caused  no  damage  to  the  mask  bu*  there  were  some 
holes  that  did  not  accept  solder. 

Wave  soldering  of  the  Laminar  RM  copper  boards  caused  excessive  blistering 
of  the  mask  across  the  entire  bottom  surface.  See  figures  14  and  15.  Blisters  were 
concentrated  around  the  pad  openings  but  appeared  in  all  areas,  including  the  lami¬ 
nate  and  the  0. 006-inch  lines  of  the  comb  pattern.  Probing  the  blisters  caused  the 
mask  to  chip  off  down  to  the  copper  surface.  See  figure  16.  flux  was  trapped 
under  the  mask  on  the  ground  plane  and  along  the  entire  length  of  the  traces  on 
the  tin  lead  boards.  See  figure  17.  The  tin  lead  boards  had  a  few  blisters  on  the 
bottom  side.  also.  Smooth,  even  fillets  formed  on  the  pads  that  had  been  covered 
with  misregistered  mask  on  the  edges 
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FKIURli  14.  Laminar  RM.  Wave  Soldering  Caused  Blistering 
ot  Bottom  Side  ot'  Copper  Boards. 


FKiURl  15.  Laminar  RM.  Wave  Soldering  Caused  Blistering 
of  Bottom  Side  of  Copper  Boards. 
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F1CURI  I  fi.  Laminar  RM  Mask  Chipped  OH'  of 
Copper  (i round  Plano. 


FKiURL  17.  Laminar  RM.  I  |u\  I  rapped  Under  Mask  on 
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I  he  .  Ivanlnies-,  test  solution  caused  the  1  annual  KM  to  scpaiatc  tmiii  the 

laminate  .mil  the  UKt.it  in  many  areas  Init  flux  remained  trapped  under  the  mask 
th.it  had  not  separated  See  1  igures  lb.  I 'C  ami  20.  Probing  easily  llaked  the  mask 
oil  o|  the  hoard.  See  I  igurc  21.  lonie  eontamination  rallies  were  unacceptably  high 
at  an  average  of  15  microgranis  square  ineli. 

In  discussions  rrith  lhiokol  personnel,  it  was  learned  that  1  animal  KM  had 
Iven  loimulated  to  he  removed  by  isopropyl  alcohol  I  hi*-  mask,  tlieretme.  .uimol 
he  Used  tin  military  eleelronies  heeause  ot  the  isopiopamd  uatei  solution  used  in 
the*  .  lea nhness  lest 

I  lie  resistance  leadings  toi  l  aminar  KM  taken  during  the  imnsiuie  temtu  laluie 
.v.ling  test  were  lower  than  the  unmasked  standard  hut  wcic  above  the  megohm 

ranee  See  figures  22  and  23.  An  explanation  tor  the  lovvei  i.admes  could  he  the 

hoard  lubrication  anil  processing  variables  in  aildition  to  the  high.  •  oi:;,  ot 

the  I  aimnar  KM  that  would  encourage  a  lower  resistance  hetwe.u  th.  ti  :  the 

comb  I  lie  very  high  resistanee  values  tor  the  tin  lead  hoaul  isq  i  v*  ;  h  K  ate 

probably  due  to  hoard  tahrieation  variations. 

Inspection  alter  moisture  temperature  cycling  showed  tlux  t tapped  m.dct  th. 
tia.es  and  some  tlux  that  had  seeped  out  across  the  hoatd  See  I  ig..u  24  I  he 

mask  had  also  become  brittle  and  was  easily  .racked 

Solder  adhered  to  the  laminar  KM  sample  hoards  that  iveie  hot  ait  leveled 
See  I  mure  25. 

1  he  excessive  blistering  on  the  bottom  side  of  the  wave  soldered  boards  was 

thought  by  lhiokol  personnel  to  be  caused  by  a  failure  to  properly  cure  this  side. 
\  s.n  of  IPC-B-25  copper  boards  masked  by  lhiokol  was  additionally  tested  Also, 
two  tin  lead  and  two  copper  boards  from  the  original  set  were  further  cured  lor 
~5  minutes  in  a  300°  I*  oven,  then  exposed  to  ultraviolet  light  for  5  minutes  on 
cadi  side. 

I  he  original  boards  that  were  additionally  cured  were  not  damaged  by  the 

hot  solder  dip.  but  the  wave  soldering  process  again  caused  excessive  blistering  on 
the  bottom  side  of  the  board.  Wrinkling  and  tlux  entrapment  occurred  on  the  top 
and  bottom  sides  of  the  tin  lead  boards.  See  figure  26. 

Cleanliness  test  ionic  contamination  levels  were  again  above  10  micrograms 
squat  v  inch  and  the  test  solution  caused  the  mask  to  separate  as  before.  See 
I  igure  2”. 
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FKil'RI  IS  I_.1min.11  RM  Ni.isk  1  .oose  .uni  (  idckcd  on 
"Y”  Pattern. 


FKIURI  I1).  Laminar  RM.  M.isk  lilted  .uni  Blistered  on 
Co mR  Pattern. 
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I'KiUKl  24.  Laminar  RM.  f  lux  l  rapped  Under  Mask  on 
Comb  Pattern. 


|  |(  ,1’KI  2'  l  .miin.it  KM  Solder  Remained  on  M.ok  \Het 

Hot  An  leseline  l’i>»»ess 


F'lGURl  26.  Laminai  KM  (I  \tra  (  uu-i.  Mast  'MinK-k-vI  mi 
Bottom  Side. 
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Moisture/temperature  cycling  resistance  values  were  similar  to  the  original  teste 
although  the  standard  had  a  lower  resistance,  probably  due  to  board  fabrication 
variations.  See  Figure  28.  The  breaks  in  the  pattern  are  due  to  operator  absence. 
The  inspection  after  moisture/temperature  cycling  showed  entrapped  flux.  The  mis- 
registered  mask  on  the  pads  had  become  brittle  and  chipped  oft  of  the  board. 

The  Laminar  RM  appeared  very  thick  on  the  1PC-B-25  boards  supplied  In 
Thiokol  but  measurements  could  not  be  made  due  to  the  limited  amount  ol  boards. 
The  hot  solder  dip  process  caused  excessive  blistering  on  the  top  side  of  the  copper 
boards.  See  Figure  29.  The  blisters  chipped  off  of  the  board  with  handling.  There 
were  many  areas  of  copper  that  would  not  accept  solder.  C'lose  examination  ol 
these  areas  revealed  small  green  particles  that  looked  like  “crumbs”  of  solder  mask 
on  the  copper.  See  Figure  30.  Wave  soldering  caused  flux  entrapment  on  the  blistered 
top  side  but  no  problems  on  the  bottom  side. 
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LAMINAR  RM  (EXTENDED  CURE -TOP) 


LAMINAR  RM  (EXTENDED  CURE  -  BOTTOM) 


TIME,  DAYS 


LEGEND: 

-  STANDARD 

- SAMPLE  A 

-  SAMPLE  B 

-  SAMPLE  C 

-  SAMPLE  D 

FIGURE  28.  Laminar  RM  (Extra  Cure).  Resistance  Readings, 

(a)  Top.  (b)  bottom. 
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1  lie  success  ol  a  screened  solder  mask  is  greatly  dependent  on  (lie  pm  a-, 

controls  followed  in  the  screening  (it  the  mask.  I  lie  voids.  bubbles.  and  pmholcv 
seen  oil  these  hoards  are  caused  In  the  screening  leclinque.  I  hough  screening  il"o 
not  provide  pinhole-lree  coverage.  core  I  u  1  control  ol  the  process  can  prevent  tie. 
voivls  and  huhhles  that  were  seen  on  these  samples.  Poor  preparation  and  woikmm- 
ship  can  cause  an  acceptable  solder  mask  to  perform  poor!)  undei  certain  mndi- 
tions  |  he  marks  on  the  around  plane  were  caused  by  an  unclean  screen  and  the 

inclusions  were  due  to  poor  surface  preparation. 

I  he  thickness  ol  a  screened  solder  mask  is  much  less  than  that  ol  a  dry  him 
solder  mask,  llysol  SRI  ODD  had  a  thickness  of  0.0015  inch  on  the  around  plane. 
O.OOlti  inch  on  the  comb  pattern  traces,  and  0.0050  inch  on  tie  laminate. 

|  he  mechanical  properties  ol  the  two  llysol  solder  masks  were  sinnlai.  Both 

masks  were  scratched  In  only  the  511  pencil  hardness  and  were  slightly  worn  In 

50  c\  clcs  of  Taber  abrasion  but  not  worn  through  to  the  metal  surlacc.  I  he  ad¬ 
hesion  was  excellent  over  copper  when  tested  In  the  cross-hatch  test  and  the  punch 
test  be  lore  and  after  wave  soldering  lor  both  masks.  I  he  tin  lead  surface  showed 
little  loss  (5  i  on  the  cross-hafeh  test 

Neither  the  llysol  SRIOlO  nor  the  SRI000  were  damaged  by  the  fluxes. 

Methylene  chloride  removal  the  mask  from  the  tin  lead  surfaces  but  no' 

from  the  copper  or  the  laminate  DMSO  solicited  the  mask  allowing  it  to  be 
scraped  away. 

|  Ik-  breakdown  voltages  for  the  SRIOlO  ami  the  SR  1 000  solder  masks  were 
low  and  inconsistent  vine  to  the  pinholes  across  the  ground  plane.  llysol  SRIOlO 
h.id  v. lines  of  1000  \  l)(  and  500  Vl)(  from  two  areas  on  the  same  hoard  1  he 
bteakdown  voltage  was  dependent  on  the  location  of  the  electrode  since  the  mask 
»o\ claim  was  so  varied.  After  wave  soldering,  the  value  was  000  \  DC  lor  llysol 
X  R  n 1 !  i ;  ,md  Sot)  Vl)(  for  llysol  SR  1 000.  The  coverage  provided  by  a  screened 
•■-..ok  is  not  consistent  enough  to  allow  its  use  as  an  •lectrieal  insulating 


IT. -.'I  SRIOlO  hid  a  surlacc  resistivity  of  5  x  H)1'  ohms  square  and  SR  1 000 
.  .iP.ie  ci  4  x  It)'-  ohms  square. 

I !', .  hydiolytic  stability  test  caused  no  damage  to  either  mask. 
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I  he  hot  solder  dip  process  did  not  damage  the  mask.  In  aieas  whcie  the 
Hysol  SKIOOO  mask  hied  or  smeared  onto  the  pads,  solder  was  not  aeeepted  (  nppei 
was  visible  in  these  areas  heeause  there  was  a  vers  thin  laser  of  resin  that  was 
enough  to  prevent  wetting  of  the  eopper.  hut  not  enough  proleetion  to  prevent 
oxidation  during  storage.  See  Figure  3o. 

Ihe  wave  soldering  process  caused  wrinkling  ol  hot h  masks  over  tlie  tin  lead 
In  areas  where  misregistration  allowed  solder  mask  onto  the  pad.  the  fillets  were 
deformed.  Flux  was  trapped  under  the  wrinkled  mask  m  the  ground  plane  and  along 
trines  lor  one-quarter  inch  from  the  opening.  See  figures  3"  and  3s.  Ihe  traces 
were  wrinkled  on  both  the  top  and  bottom  sides  of  the  hoards  and  alter  34  hours, 
the  llux  could  be  seen  near  the  edges  of  the  traces  where  it  had  seeped  from  under 
the  wrinkled  mask.  See  Figure  34. 

The  cleanliness  test  for  ionic  residue  gave  passing  results  at  I. ~  micrograms 
square  inch  for  Hysol  SRI010  and  0.43  microgram, 'square  inch  for  Hysol  SKIOOO. 
An  inspection  of  the  Hysol  SR  1000  after  cleanliness  testing  revealed  flux  remaining 
in  most  areas  and  brittle  mask  that  easily  cracked. 

Resistance  readings  for  Hysol  SR  1010  taken  during  the  moisture 'temperature 
cycling  were  generally  lower  than  the  standard  but  still  in  the  acceptable  range. 
See  Figures  40  and  41.  Due  to  the  pinholes  across  the  comb  pattern,  the  insulating 
quality  of  screened  solder  mask  is  not  as  good  as  dry  film  solder  mask.  Inspection 
alter  cycling  showed  trapped  llux  remaining. 

Resistance  values  for  Hysol  SR  1000  were  similar  to  Hysol  SR  10 10  except 
that  the  standard  had  a  lower  value.  After  cycling  the  SR  1000.  the  wrinkled  mask 
easily  chipped  off  of  the  metal  surfaces. 

Hot  air  leveling  caused  no  damage  to  the  Hysol  SR  1010. 
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FK.URl  36.  Ilysol  Skluuu.  Musk  Rleed  Residue  -n  P.ul 
Caused  Non-Wetted  (<>ppet. 


FK.URl  37.  Ilysol  SR  1000.  Plus  1  rapped  I'mlei  Wrinkled 
Mask  on  <  .round  Plane. 
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I  Kil'R)  ;,s  lh*ol  SR  1 010.  Mux  TmimviI  kinkw  VViiuklcJ 
M.ixk  on  (.roiiu.l  I’Loux 


IKillRI  yi  IK  sol  SR  101 0.  I  lux  Sccpal  Cut  Mom  UihKm 
Wrinklol  M.isk. 


I 


NWC  TP  6517 


NWC  TP  6517 


HYSOL  SR1010  (Cu  -  TOP) 


LEGEND: 

-  STANDARD 

-  SAMPLE  A 

-  SAMPLE  B 

-  SAMPLE  C 

- SAMPLE  D 

FIGURE  41.  Hysol  SR1010.  Resistance  Readings.  Copper, 
(a)  Top.  < b )  bottom. 
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f  KiUKI.  46  Loiku  222-M.  Void  in  M.isk  ;it  Bend  in 
Circuit  Truce. 
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Properties  of  the  Loneo  222-M  solder  mask  were  \aried  due  to  the  quality 
of  the  mask  applieation.  The  thiekness  of  the  mask  over  the  ground  plane  was 
0.0012  inch.  This  is  a  very  thin  coating  to  he  relied  upon  for  adequate  protection 
against  abrasion,  dielectric  breakdown,  and  environmental  cycling.  The  mask  may 

have  had  an  inadequate  viscosity  during  the  screening  process,  thus  depositing  only 
a  very  thin  layer  of  solder  mask. 

The  surface  of  the  Loneo  222-M  mask  was  scratched  with  only  the  511  pencil 
hardness,  hut  50  cycles  of  Taher  abrasion  showed  wear  down  to  the  traces.  The 

w'eitr  was  probably  due  to  the  thin  coating.  The  punch  test  did  not  damage  the 
copper  covered  traces  but  did  cause  loss  of  adhesion  on  the  tin/lead  areas  both 

before  and  after  soldering. 

Adhesion  was  good  on  the  copper  surface  for  both  the  tape  and  the  cross- 
hatch  tests.  The  tape  test  did  not  affect  the  mask  on  tin/lead  but  the  cross-hatch 
test  removed  1005v  of  the  mask. 

The  Loneo  222-M  was  not  damaged  by  either  the  flux  tests  or  the  solvent 

tests. 


The  breakdown  voltage  of  the  Loneo  222-M  was  b50  VIX  due  to  pinholes 
in  the  mask.  The  surface  resistivity  of  the  mask  was  5  x  I01-  ohms/square. 

The  hydrolytic  stability  test  did  not  damage  the  Loneo  222-M. 

The  hot  solder  dip  revealed  the  problem  associated  with  the  bleed  of  the 
mask  onto  the  pad  area  as  shown  in  Figure  44.  The  copper  did  not  accept  solder 
because  of  the  film  of  resin  that  covered  it. 

Wave  soldering  of  the  Loneo  222-M  solder  mask  caused  the  mask  to  separate 
from  the  tin/lead  ground  plane  and  allowed  flux  to  be  trapped  under  the  mask  that 
remained.  See  Figures  47  and  48.  Tie  llux  under  the  mask  seeped  out  later,  leaving 
flux  residue  near  the  pad  openings. 

Cleanliness  testing  results  were  acceptable  with  an  average  of  0.35  microgram 
square  inch.  An  inspection  after  testing  revealed  that  llux  was  still  trapped  under 
the  mask  on  the  ground  plane.  See  Figure  49.  Also,  the  misregistered  Loneo  2  22-M 
on  the  sides  of  the  fillets  had  lifted  and  were  easily  chipped  off  ol  the  surface. 
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FKiURl  47.  Loiku  222-M.  M  isk  Fitted  i  mm  (iromul 
Plane  ami  I  rapped  I  lux. 


FKiURl  48  Linen  222A1.  Mask  I  it  led  I  i  *  'in  i  .I*  i  ml 
Plane  and  Trapped  I- lux 


If. 
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FIGURE  49.  Lonco  222-M.  Flux  Trapped  Under  Mask  on 
Ground  Plane. 


Resistance  measurements  of  the  lonco  222-M  taken  during  the  moisture 
temperature  cycline  test  were  all  lower  than  the  standard  unmasked  hoard.  See 
Figures  50  and  51.  Because  of  pinholes  throughout,  the  coating  probably  absorbed 
moisture,  thus  allowing  the  resistance  to  decrease.  1  lie  wave  soldered  side  ot  one 
tin/lead  board  hail  values  in  the  megohm  range  which  is  considered  to  be  a  failure. 
This  failure  is  believed  to  be  due  to  the  porosity  of  the  mask  caused  by  the 
application  procedure. 

A  visual  inspection  after  cycling  showed  slight  oxidation  of  the  copper  areas 
that  were  covered  by  the  thin  film  of  resin  that  had  bled  trout  the  mask  edge.  See 
Figure  52.  Also,  the  mask  on  the  tin  lead  ground  plane  had  become  brittle. 


The  hot  air  leveling  process  did  not  damage  the  Lonco  222-M. 
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The  thickness  of  the  MacDermid  9446  was  0.U0I5  inch  on  the  ground  plane 

The  surface  of  the  MacDermid  9446  was  scratched  by  a  511  pencil  hardness. 
Fifty  cycles  of  Taber  abrasion  showed  little  wear  of  the  mask.  The  punch  test  did 
not  damage  the  mask  over  the  copper  surface,  but  did  cause  loss  of  adhesion  of  the 
mask  over  the  tin/lead  ground  plane  after  wave  soldering. 

The  adhesion  of  the  mask  to  the  copper  was  excellent  on  both  the  tape  and 
the  cross-hatch  adhesion  tests.  The  cross-hatch  test  caused  100' I  loss  ot  the 
MacDermid  9446  over  the  tin/lead  ground  plane. 

The  fluxes  caused  no  damage  to  the  mask. 

The  only  solvent  to  cause  damage  to  the  MacDermid  9446  was  methylene 
chloride;  this  caused  a  slight  wrinkling  of  the  mask  over  both  types  of  metal 
surfaces. 

The  breakdown  voltage  of  the  MacDermid  9446  was  higher  than  the  other 
screenable  solder  masks  with  a  value  of  1900  VDC  before  soldering  and  1600  VDC 
after  soldering.  The  electrode  was  carefully  placed  on  the  ground  plane  in  an  area 
where  the  circular  pattern  of  bubbles  did  not  cover.  See  Figure  57.  I  he  surface 
resistivity  of  the  mask  was  5  x  10'  -  ohms 'square. 

The  hydrolytic  stability  test  caused  no  damage  to  the  MacDermid  9440  solder 

mask. 


The  hot  solder  dip  revealed,  as  it  did  on  the  other  screenable  solder  masks, 
the  thin  film  of  resin  that  had  bled  onto  the  pad  areas  causing  the  copper  not  to 
wet  with  solder. 

Wave  soldering  of  the  MacDermid  9446  was  accomplished  on  a  Technical 
Devices  dry  wave  solder  machine  due  to  equipment  suited uling  conflicts.  The  param¬ 
eters  were  the  same  as  those  used  on  the  other  solder  mask  samples;  5()()c  T  solder 
temperature,  spray  flux  with  Alpha  61  IF.  180°F  top  side  laminate  preheat  temper¬ 
ature,  and  a  2-second  dwell  in  the  wave. 

The  inspection  after  wave  soldering  showed  trapped  flux  in  the  wrinkles  of 
the  MacDermid  9446  over  the  tin/lead  plating.  See  Figure  58.  The  mask  on  the 
0.006-inch  traces  of  the  comb  pattern  were  wrinkled  and  the  mask  along  the  ground 
plane  was  rolled  back  on  itself.  See  Figure  59. 

Cleanliness  testing  showed  a  low  amount  of  ionic  contamination  with  an 
average  of  1.0  microgram/square  inch.  The  visual  inspection  after  testing  showed 
trapped  flux  and  mask  chipped  off  of  the  traces. 
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The  resistance  measurements  taken  during  the  moisture/temperature  cycling 
show  passing  values  for  the  MacDermid  9446.  See  Figures  60  and  61.  All  of  the 
resistance  values  were  similar  to  the  unmasked  standard  board  except  the  comb 
patterns  on  the  top  side  of  the  tin/lead  boards.  This  unusual  pattern  is  unexplained 
except  for  the  high  reading  on  Day  4  that  is  suspected  to  be  an  operator  error  in 
recording  the  exponent  value  of  the  resistance. 

The  hot  air  leveling  process  caused  some  blisters  on  the  comb  pattern  and  on 
some  traces.  See  Figure  62. 
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LEGEND: 

-  STANDARD 

- SAMPLE  A 

- SAMPLE  B 

- SAMPLE  C 


- SAMPLE  D 


FIGURE  61.  MacDermid  9446,  Resistance  Readings.  Copper, 
(a)  Top,  (b)  bottom. 


FIGURE  62.  MacDermid  9446.  Blisters  on  Traces  Caused  by 
Hot  Air  Leveling. 
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CONCLUSION 


llic  successful  use  of  solder  mask  is  greatly  dependent  on  the  quality  of  the 

mask  application.  Poor  application  procedures  can  change  the  expected  properties  of 
the  mask,  leading  to  later  problems  during  the  life  of  the  masked  hoard. 

Surface  preparation  is  extremely  important:  all  oils,  fibers,  and  other  residues 
must  be  removed  before  a  mask  is  ap|  lied  or  else  the  mask  will  not  adhere 

properly. 

Registration  of  the  mask  artwork  is  important  to  prevent  masking  of  pad  areas; 
solder  mask  on  the  surface  of  a  pad  can  deform  the  fillet.  The  small  pads  that  are 
coining  into  widespread  use  need  their  entire  area  to  make  a  strong,  defect-free 
connection.  If  part  of  these  pails  is  covered  by  a  misregistered  solder  mask  or  a 

mask  that  had  bled,  the  strength  of  the  joint  is  affected.  Due  to  the  bleeding  effect 
of  the  liquid  sereenable  solder  masks,  larger  pad  openings  must  be  allowed  to  pre¬ 
vent  misregistration.  Dry  film  solder  masks  have  closer  registration  tolerance  since 
they  do  not  bleed,  thus  making  i'  possible  for  them  to  be  used  in  areas  with 

closely  spaced  pads. 

Voids,  bubbles,  and  pinholes  adversely  affect  both  the  electrical  and  environ¬ 
mental  protection  that  a  solder  mask  can  provide.  Process  controls  practiced  during 
masking  can  dectease  the  occurrence  ot  these  defects. 

Since  the  liquid  sereenable  solder  masks  cannot  be  consistently  applied  as 
pinhole-free  coatings  on  a  circuit  board,  they  cannot  be  used  as  electrical  insulating 
layers. 


I  he  thickness  of  a  dry  film  mask 
dielectric  breakdown,  and  environmental 
be  properly  applied  and  cured.  Thiokol 
due  to  the  excessive  blistering  and  loss 
to  isopropyl  alcohol  precludes  its  use  in 

Solder  mask  cannot  be  used  over 
tlux  entrapment  that  ■>  urs  during  the 
can  lead  to  degradation  of  the  board  at 

Roth  the  dry  film  and  the  liquid 
abrasion  ami  adequately  prevent  soldemii 
Some  environmental  cycling  protection  i 
mask 


aids  its  ability  to  protect  against  abrasion, 
cycling,  but  it  is  important  that  the  mask 
Dynaehem  1  aminai  RM  should  not  be  used 
of  adhesion  1  lie  sensitivity  of  laminar  RM 
military  clcctionics. 

a  tin  lead  plating  due  to  the  wrinkling  and 
wave  soldo  ing  process.  I  utrapped  residues 
a  later  time 

>ldei  mask  piondc  good  protection  against 
m  the  areas  that  are  covered  by  mask, 
also  provided  by  both  types  ol  solder 
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To  re-emphasi/e: 

1.  A  liquid  sereenahle  solder  mask  shall  not  he  used  as  an  eleetriea!  insulating 
layer  in  Navy  hardware. 

2.  Solder  mask  shall  not  he  used  over  a  tin  lead  plat  ini:. 
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Appendix  A 

ABRASION  TEST  METHODS 


TABER 

Ail  attachment  hole  was  punched  into  the  center  of  a  eireuit  hoard,  then  the 
hoard  was  bolted  onto  the  laher  Abrasion  1  ester  turntable.  A  1000-gram  load  was 
placed  on  the  sample  lor  a  50-eycle  test.  The  amount  of  wear  on  the  solder  mask 
was  then  noted. 


PENCIL 

A  211  hardness  pencil  was  pressed  firmly  onto  the  solder  masked  hoard  in  a 
down  and  forward  motion  then  the  mask  was  cheeked  for  damage.  The  pencil 
hardness  was  increased  to  dll  and  then  to  5H  until  the  solder  mask  was  scratched. 


PUNCH 

The  solder  masked  hoard  surface  was  firmly  punched  with  a  sharp  pointed 
metal  rod;  any  damage  was  noted. 
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Appendix  B 

ADHESION  TEST  METHODS 


TAPE 


A  piece 
The  tape  was 
were  inspected 


of  Scotch  old  tape  was  firmlv  pressed  onto  the  area  to  he  tested 
then  rapidly  pulled  away  at  a  W-dcttree  ancle.  1  lie  tape  and  boaid 
for  mash  that  had  been  removed. 


CROSS  HATCH 

f  ive  parallel  cuts  were  made  into  the  mask  1  I  (>  inch  apart  using  a  ra/oi 
blade,  then  five  similar  parallel  cuts  at  right  angles  to  the  first  cuts  were  made. 
Loose  pieces  of  mask  were  brushed  away  then  Scotch  oil)  tape  was  applied  and 
removed  as  in  the  Tape  Test  Method.  The  tape  and  board  were  inspected  for  mash 
that  had  been  removed. 
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Appendix  C 

SOLVLNT  RESISTANCE  TLST  METHOD 


Small  pieces  ol  solder  masked  board  containing  both  metal  and  laminate  areas 
were  soaked  in  eight  different  solvents  for  7  hours.  Periodic  visual  and  mechanical 
checks  were  made  to  determine  the  effect  of  the  solvent  on  the  solder  mask  I  he 
eight  solvents  were  isopropyl  alcohol,  acetone,  methvlene  choride.  methyl  ethvl 
ketone  i  Ml  k>.  tolene.  xvlene.  cellosohe  acetate,  and  dimethv  kultf  side  (DMSOt. 
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Appendix  I) 

MIX  RESISTANCE  TLST  METHODS 


IM'II  RSIOX 

i'i.\vs  iii  solder  masked  hoard  containing  hotli  metal  aiul  laminate 
iiiii'  staked  in  !lu\  loi  7  days.  l  our  difterent  tluxes  were  used:  one  KMA. 
R  \  and  two  non-rosin  tluxes  Alter  2  days.  the  sample-  were  examined  lot 
i .  e:  td  it  a  n  •  > I  the  solder  mask 


DROP 


I  ah  drops  ot  the  tluxes  used  in  the  immersion  test  were  placed  on  small 
'  soldet  masked  circuit  hoard.  Alter  2  days,  the  samples  were  examined 
at  i. tat  I'm  ot  t  he  solder  mask. 
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Appendix  I 

MOISTURl  T1  Ml‘l  RATIJRI  CYCLING 


Selected  samples  ot  solder  masked  hoards  were  wave  soldered,  then  moisture 
temperature  eyeled  to  determine  the  environmental  properties  ot  the  masks. 

l  ive  hoards  with  solder  mask  over  tin  lead  and  tour  hoards  with  mask 

over  copper  were  prepared  lor  wave  soldering.  The  copper  hoards  were  cleaned 

in  a  mild  alkaline  detergent,  rinsed  with  water,  then  dipped  in  ammonium 

persulfate  ( N 1 1 4 1  ^  Sd)*  .  water-rinsed  again,  then  dipped  in  a  10''  solution  o! 
sulluriv  asid  ill  ->  SO4).  then  water-rinsed  again  before  hot  solder  coating.  Dried 

hoards  were  brush-coated  with  Alpha  hill  RM A  flux  then  hand-dipped  for  ”  sec¬ 

onds  in  a  5(H)  I  Sill's  I’h.s-  solder  pot  followed  In  a  "hump"  and  squeegee  to 
clear  the  plated  through  holes.  Hoards  were  then  vapor  degreased  in  1.1.1 

(nc)iloroef  hum 

Hot h  the  tin  lead  and  the  copper  hoards  were  trimmed  to  size,  cleaned,  in¬ 

spected  lor  damage,  and  resistance-tested.  Components  were  placed  in  one  tin  lead 
and  one  coppet  hoard.  Hoards  were  spray  fluxed  with  Alpha  hi  II  RMA  flux,  then 
wave  soldered  on  a  Hollis  1  l)L  oil  injection  solder  machine.  A  solder  temperature 

ot  500  I  an  average  top  side  laminate  preheat  temperature  ot  1X0' L.  medium  oil 
on  the  wave,  and  a  2-second  dwell  in  the  wave  were  the  conditions  of  soldering. 

A  vapot  degreasing  in  I  icon  IT  to  '  minutes  immersed  in  the  boiling  tank. 

I  minute  immersed  in  the  warm  tank,  and  1  minute  suspended  in  the  vapors  was 
Used  to  clean  the  hoards  after  wave  soldering. 

Cleanliness  tests  were  performed  on  three  of  the  wave  soldered  hoards  to 

assure  that  the  cleaning  process  was  in  order.  An  Alpha  Metals  lonograph  with  a 

solution  of  75'-  isopropyl  alcohol,  25'  deionized  water  was  used  to  test  tor  ionic 
cleanliness.  Conditions  of  test  were:  0.02  micromho  centimeter  starting  conductivity, 
pump  rate  X  1/2.  and  40  conn  Is/ second.  Less  than  10  micrograms  square  inch  was 
considered  a  passing  value  lor  ionic  cleanliness. 
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All  wave  soldered  boards  were  handled  with  clean  cotton  gloves  tor  inspection 
at  20X  before  starting  the  10-day  moisture  temperature  cycling  test.  The  cycling  test 
was  a  modified  version  of  Mil -STD-202  Method  100l\  See  f  igure  1-1.  f  our  tm  lead 
boards  and  four  copper  boards  that  had  been  wave  soldered  and  one  standard 
unmasked  tin/lead  board  that  had  not  been  wave  soldered  were  placed  into  an 
insulation  resistance  test  set  inside  a  Blue  M  Model  I  R-25oP(-l  environmental 
chamber. 

The  insulation  resistance  test  set  consisted  of  10  gold-tipped  edge  connectors 
that  mated  to  the  finger  tabs  on  the  test  boards.  Ihe  connectors  were  wired  into 
an  open-sided  frame  that  allowed  for  unrestricted  air  How  inside  the  chamber. 
Wiring  through  a  port  in  the  chamber  connected  the  insulation  resistance  set  to  a 
selector  box,  then  to  a  GenRad  Model  1644A  megohm  bridge.  See  figure  f-2.  flic 

selector  box  was  used  to  choose  which  of  the  10  connectors  was  to  be  tested.  Ihe 

megohm  bridge  supplied  100  VIX'  across  the  O.OOo-ineh  comb  pattern  for  a  1-minute 
period  before  the  resistance  value  was  recorded.  Readings  were  taken  two  times  each 
day,  once  at  the  low  temperature  phase  of  the  cycle  and  once  at  the  high  temper¬ 
ature  phase  of  the  cycle.  Meaurements  were  made  on  both  the  top  and  bottom 
sides  of  the  boards.  At  the  end  of  the  10-day  period,  the  chamber  was  opened  and 

allowed  to  cool  for  2  hours  before  a  final  resistance  was  recorded.  A  failure  was 

classified  as  a  sample  having  resistance  values  lower  than  the  standard  unmasked 
board  and  in  the  megohm  range. 

Resistance  values  of  an  open  connector  were  recorded  during  each  test  to 
ensure  that  the  system  was  operating  correctly. 

All  boards  were  then  inspected  at  20X  following  the  test. 
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ELECTRIC  AL  TEST  METHODS 


BREAKDOWN  VOLTAGE 

The  breakdown  voltage  of  the  solder  mask  over  the  ground  plane  was  tested 
using  a  Hypotronies  Model  1 1 300 B  high-voltage  power  supply.  A  wire  was  soldered 
to  the  unmasked  area  of  the  tin/lead  ground  plane  and  a  0.25-inch-diameter  polished 
brass  electrode  was  placed  on  the  solder  masked  area  of  the  ground  plane.  A  75-gram 
weight  was  placed  on  top  of  the  electrode  to  ensure  good  surface  contact.  See 
figure  1-1.  Voltage  was  applied  in  1000-V  increments  for  1 -minute  periods  until 
a  breakdown  occurred.  A  breakdown  was  classified  as  a  current  of  50  inicroamps  or 
greater  passing  through  the  solder  mask.  DC  voltage  was  used  first  from  0  bOOO  V 
and  if  no  failure  occurred.  AC'  voltage  was  used. 


SURFACE  RESISTIVITY 

I  he  surface  resistivity  of  the  solder  mask  was  tested  using  a  GenRad 
Model  1644A  megohm  bridge.  f wo  polished  brass  electrodes  1  x  0.5  inch  were 
placed  I  inch  apart  on  the  open  area  of  solder  masked  laminate.  A  75-gram  weight 
was  placed  on  top  ol  the  electrodes  to  ensure  good  surface  contact  and  to  keep  the 
1-inch  spacing.  See  Figure  1-2.  A  voltage  of  500  VIX'  was  applied  to  the  electrodes 
for  1  minute,  after  which  time  a  resistance  measurement  was  recorded 


i 

I 

I 

•1 


NWC  TP  6517 


77 


INITIAL  DISTRIBUTION 


2  Naval  Air  Systems  Command  (AIR-OOD4) 

2  Naval  Sea  Systems  Command  (SEA-09B312) 

1  Commander  in  Chief,  U.S.  Pacific  Fleet  (Code  325) 

1  Commander,  Third  Fleet,  Pearl  Harbor 
1  Commander,  Seventh  Fleet,  San  Francisco 

3  Naval  Ship  Weapon  Systems  Engineering  Station,  Port  Hueneme 

Code  5711,  Repository  (2) 

Code  5712  (1) 

1  Naval  War  College,  Newport 
12  Defense  Technical  Information  Center 


